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Abstract 
The prevalence of periodontal disease among pregnant women increases with gestational age. 
Therefore, oral health education in the early stage of pregnancy should prevent periodontal dis-
ease and decrease the risk of an adverse pregnancy outcome such as preterm delivery and low 
birth weight. However, there has been no study on oral health care intervention for prevention of 
periodontal disease during pregnancy. The purpose of this study was to examine the efficiency of 
an oral health education program on periodontal disease among Japanese low-risk pregnant 
women. A total of 207 pregnant women before 20 weeks of gestation were recruited. The first 131 
of them were assigned to the control group and the remaining 76 to the experimental group. The 
experiment participants received an oral health education program including the toothpick 
brushing method in their early stage of pregnancy. Improvement of the self-assessment score of 
periodontal symptoms was used as a binary outcome variable. A logistic regression analysis indi-
cated that the intervention (OR = 3.83) and proficiency of the toothpick brushing method (OR = 
24.93) were statistically significant predictors of the outcome in the late stage of pregnancy. The 
positive outcome appeared after practice of the toothpick method brushing for 20 or more weeks, 
and was associated with the decrease in the log-transformed proportion of the count of Candida 
species in salivary microbiota (p = 0.026). 
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1. Introduction 
Prevalence of gingival inflammation increases in pregnancy and the increased plasma levels of estrogen and 
progesterone are believed to be responsible for this poorer oral health status although its mechanism is not fully 
revealed [1]. Vogt et al. reported that the prevalence of periodontal disease (PD) increased with gestation age 
[2].   
An oral health education program in the early stage of pregnancy will help pregnant women keep their oral 
health throughout their pregnancy. American College of Obstetricians and Gynecologists, Committee on Health 
Care for Underserved Women recommends oral health care during pregnancy [3]. However, many people 
wrongly believe that decreased dental health is unavoidable during pregnancy [4] and only a few women receive 
dental health checkup during pregnancy. It is necessary to provide them with oral health education to prevent 
PD. However, there has been no study on such an intervention for prevention of PD during pregnancy.  
Moreover, it is very likely that PD is a risk factor for preterm birth and low birth weight (LBW) according to 
the case-control study by Offenbacher et al. [5] and the prospective study by Jeffcoat et al. [6]. Although it is 
not clear whether the treatment of PD during pregnancy is effective in preventing preterm birth or LBW [7]-[9], 
it is very likely that the risk of preterm birth and LBW can be lowered by prevention of PD. 
The purpose of this study was to examine the effectiveness of an oral health education program on the self- 
assessed status of oral health related to PD. 
2. Methods 
2.1. Research Design 
Our study was based on the assumption that the status of oral health related to PD is affected by oral health and 
other lifestyle behaviors and psychological status. A quasi-experimental research design was adopted to avoid 
contact between the experiment and control participants because the research was carried out at one hospital. 
The period of data collection was from September of 2007 to March of 2010. In the beginning the participants 
were placed in the control group and then later others were assigned to the experimental group. 
2.2. Inclusion Criteria 
We recruited healthy pregnant women before 20 weeks of singleton pregnancy without medical history of di-
abetes or hypertension. 
2.3. Data Collection and Intervention 
The questionnaire responses and oral microbial materials were collected by an author (M. N. or A. S.) and a 
dental hygienist when they met the participants three times during pregnancy. The experimental group partici-
pants received an educational program at the time of the first survey, and received a plaque checks four or more 
weeks after the first and second surveys. 
The gestational age of the subjects was 8 - 19 weeks (hereafter designated as T1) for the first survey, 20 - 29 
weeks (T2) for the second survey, and 30 - 38 weeks (T3) for the third survey, with four or more weeks intervals. 
There were a few exceptions allowing up to three weeks of deviation for the convenience of participants (Table 
1). 
2.4. Questionnaire 
The following scales were used to assess the factors that would affect the state of oral health related to PD. 
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Table 1. Schedule of data collection and intervention. The intervention included an oral health education, toothpick-method 
brushing training, and plaque checks with assessment of OHI-S.                                                    
Activity Gestational age Data collected Intervention 
Baseline survey 8 - 19 weeks (=T1) 
QD at T0 
QD at T1 
OB at T1 
Show an educational video for prevention of PD and  
teach toothpick brushing method using a dental model 
Plaque check #1 4 or more weeks after T1 OHI-S #1 Show stained plaque and correct brushing 
Intermediate survey 20 - 29 weeks (=T2) QD at T2 OB at T2 Consultation if necessary 
Plaque check #2 4 or more weeks after T2 OHI-S #2 Show stained plaque and correct brushing 
Final survey 30 - 38 weeks (=T3) QD at T3 OB at T3 Consultation if necessary 
QD: questionnaire data; T0: before pregnancy; OB: oral bacteria; OHI-S: Simplified Oral Hygiene Index. 
2.4.1. The Self-Assessment of Periodontal Disease (SAPD) 
This scale developed by Nakamura et al. consists of six questions about subjective evaluation (each on a 
four-grade Likert scale) of symptoms of PD, such as gingival bleeding, subgingival abscess, and gingivalgia. Its 
discriminating validity was checked with diagnoses based on Community Periodontal Index (CPI) using mul-
tiple logistic regression analysis. The predictive accuracy depended on age: 71% for 20 s, 75% - 77% for 30 s, 
and 80% - 82% for 40 s, which reflects the fact that severe PD increases from 30 s [10]. 
We used SAPD to evaluate the effect of the intervention. As the outcome variable, we used a binary variable 
representing improvement of SAPD (whether the score decreased or not from the score before pregnancy) at T2 
and T3 instead of SAPD itself to best avoid the effects of individual tendencies in rating and the difference at the 
baseline. 
2.4.2. Oral Hygiene Behaviors 
Oral hygiene behaviors were assessed by the frequency and duration of tooth brushing, the use of mouthrinse, 
and frequency of scaling. Subjective rating of sufficiency of oral health education they had received to date was 
also asked at T3. 
2.4.3. Lifestyle Habits/Psychological State 
The questionnaire included questions about lifestyle habits: eating (20 items), sleeping (4 items), physical exer-
cise (1 item), drinking (1 item), and smoking (1 item). Also, the psychological state was measured using the 
Japanese version of General Health Questionnaire (GHQ 28) [11]. 
2.5. Microbial Counts 
The status of the microbial environment in the mouth was assessed by culture methods followed by identifica-
tion of microorganism by PCR. The total cultivable microbial count, prevalence of Candida species and Sta-
phylococcus aureus, and the proportion of counts of Candida species and S. aureus to the total cultivable micro-
bial count were used for analysis of association of microbiota with the outcome. The methods of culture and 
PCR are described in Fujiwara et al. [12]. For count n, log(n + 1) was used in data analyses. 
2.6. Oral Health Education Program 
Following the data collection at T1, experiment participants received an oral health education using a DVD dis-
player and training of the toothpick brushing method by a dental hygienist. They received plaque checks four or 
more weeks after T1 and T2. Consultation regarding tooth brushing was provided on request after data collec-
tion at T2 and T3. No restriction was made about additional oral health activities, and the frequencies of use of 
dental floss, mouthrinse, and professional plaque control during the intervention period were asked in the ques-
tionnaire. 
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2.6.1. Oral Health Education Using a DVD Player 
A 15-minute program for prevention of PD provided the experiment participants with the knowledge for regular 
plaque control, smoking cessation, obesity prevention, relieving stress, and physical exercise. 
2.6.2. Training of Tooth Brushing 
For tooth brushing in intervention we employed the toothpick method, which was designed to remove dental 
plaque and relieve inflammation in interdental area, and has been proved to be effective with self-brushing by 
healthy dental students [13], professional brushing for malodor periodontal patients [14], and an educational in-
tervention for patients with mental disorders [15]. 
The following directions were used in training experiment participants for toothpick method by a dental hy-
gienist and illustrated by photographs using a plastic model in the leaflet given to the trainees. 
1) Place the tips of the bristles on the gingival margin toward the crown at an angle of 30 degrees on the ves-
tibular surface and vertically on the lingual surface. 
2) Push the bristles into the interdental area and then pulled them out. Repeat this stroke seven or eight times 
in each interdental area. 
The participants used a toothbrush with two rows of nylon bristles, five tufts per row, and 50 filaments per 
tuft specially designed for the toothpick method (PMJ V7). 
2.6.3. Plaque Check 
Simplified Oral Hygiene Index (OHI-S) [16] was employed to assess the status of oral hygiene. 
2.7. Method of Analysis 
The effects of intervention and other factors on the outcome variable were examined for statistical significance 
by cross tables and logistic regression analysis (LRA). The relation of the outcome with microbial data was ex-
amined by Mann-Whitney’s U test and cross tables. The statistical software package SPSS (version 22) was 
used for these analyses. 
2.8. Ethical Consideration 
This research was approved by the IRB of Japanese Red Cross Hiroshima College of Nursing. The subjects were 
those who provided written consent to participate in the study after a process of informed consent using both 
oral and written explanation. The saliva collection, tooth-brushing education, and plaque check were carried out 
in a room for privacy. 
3. Results 
3.1. Participants 
A total of 207 participants were recruited. The first 131 of them were assigned to the control group and the rest 
to the experimental group (n = 76). Table 2 shows their obstetric history about parity and the outcome of the 
pregnancy. The proportion of multipara was higher in the control group although the difference was not statisti-
cally significant at 5% level. The age, stature, body weight, gestational age, and birth weight are shown in Table 
3, where no statistical significant difference was detected between the two groups. There was no statistically 
significant group difference in lifestyle habits (sleeping, eating, drinking, and smoking), oral health behaviors 
(tooth brushing, rinsing, flossing, and dental health check), except that the control group enjoyed sports more 
frequently (chi2 = 4.544, d.f. = 1, p = 0.048) and had higher average of GHQ score (p = 0.002). 
3.2. Measurements and Interventions 
The data were collected from each participant at three scheduled times by questionnaires and salivary samplings. 
These times will be designated as T1, T2, and T3, and T0 designates the time period just before pregnancy. The 
questionnaire at T1 included the responses to questions about the statuses at T0 and T1. The results of dental 
plaque checks (OHI-S) four or more weeks after T1 and T2 will be designated as OHI-S #1 and OHI-S #2. 
Table 4 shows rate of attendance of participants in each survey. The attendance rate did not differ between 
groups at T2 (exact test, p = 0.443). At T3, however, the attendance rate in the experimental group (61.8%) was  
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Table 2. Parity and outcome of the pregnancy of the participants.                                                   
Classification 
Experimental group Control group Group difference 
n (%) n (%) (exact test) 
(Parity)      
Primipara 37 (48.7) 47 (35.9)  
Multipara 37 (48.7) 79 (60.3) p = 0.102 
Unknown 2 (2.6) 5 ( 3.8)  
(Outcome of pregnancy)      
Normal delivery 60 (78.9) 99 (75.6)  
Abortion/Premature delivery 3 (3.9) 9 ( 6.9) p = 0.538 
Unknown (hospital transfer) 13 (17.1) 23 (17.6)  
Total 76 (100.0) 131 (100.0)  
 
Table 3. Physical attributes of participants, gestational age at delivery, and birthweight.                                 
Attribute of 
participants 
Experimental group Control group Group difference 
n Mean SD Range n Mean SD Range t-value p 
Age 74 29.3 5.0 17 - 38 127 29.3 5.6 17 - 45 −0.082 0.935 
Stature (cm) 74 157.2 5.0 148 - 170 127 157.7 5.4 145 - 173 0.549 0.584 
Body weight* (kg) 72 51.7 9.1 37 - 96 124 51.9 9.0 37 - 98 0.197 0.844 
Delivery weeks 62 40.9 1.3 38 - 43 101 41.1 1.3 37 - 43 0.752 0.453 
Birth weight (kg) 62 3.01 0.34 2.37 - 3.89 102 3.00 0.36 2.04 - 4.02 −0.101 0.920 
*body weight before pregnancy answered at baseline survey. 
 
Table 4. Sample size and gestational age of subjects participated in the surveys. The percentage after sample size n indicates 
the rate of attendance of participants.                                                                          
Data collection 
Experimental group Control group Group difference 
n (%) 
Gestational week 
n (%) 
Gestational week （Mann-Whitney） 
Mean SD Range Mean SD Range U z p 
Baseline survey 76 (100) 12.7 2.1 8 - 20 131 (100) 12.8 2.3 817 4858.0 −0.293 0.770 
Plaque check #1 59 (77.6) 18.0 2.8 13 - 27        
Intermediate survey 56 (73.7) 23.1 2.9 19 - 32 99 (75.6) 23.0 2.1 20 - 29 2666.5 −0.399 0.690 
Plaque check #2 49 (64.5) 26.9 2.8 23 - 36        
Final survey 47 (61.8) 33.1 2.8 27 - 40 98 (74.8) 34.2 1.7 29 - 40 1657.5 −2.779 0.005 
Perfect attendance 46 (60.5)    87 (66.4)       
 
lower than in the control group (74.8%) with statistical significance (exact test, p = 0.035) due to the group dif-
ference in the rate of attendance at T3 among the participants who were absent at T2; they were 35.3% (12/34) 
in the control group and 4.8% (1/21) in the experimental group (exact test, p = 0.017). There was no statistically 
significant group difference in the final perfect attendant rate: 66.4% (87/131) in the control group and 60.5% 
(46/76) in the experimental group (exact test, p = 0.452).  
The gestational age did not differ between groups for T1 and T2, but that of T3 was somewhat earlier in the 
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experimental group (33.1 ± 2.8 weeks) than in the control group (34.2 ± 1.7 weeks). This resulted from setting 
the date in accordance with the convenience of participants (Table 4). 
Since the gestational age of T3 was not statistically associated with improvement of SAPD, the effect must be 
very limited. Theoretically, however, the effect is not negligible as the outcome could change between T2 and 
T3. Therefore, the gestational age at T3 was included among the possible predictors for stepwise selection in 
LRA. 
3.3. Subjective Rating of Periodontal Symptoms 
SAPD0, SAPD1, SAPD2, and SAPD3 shall denote the scores of SAPD at T0, T1, T2, and T3. Imp2 and Imp3 
shall denote the improvement of periodontal symptoms at T2 and T3. Thus, if SAPD2 < SAPD0 then Imp2 = 1 
(positive outcome) else Imp2 = 0 (non-positive outcome), and if SAPD3 < SAPD0 then Imp3 = 1 (positive out-
come) else Imp3 = 0 (non-positive outcome).  
The group difference on the rate of positive outcome was examined to evaluate the effect of intervention at T2 
and T3 (Table 5). The rate of positive outcome was almost the same (22% and 23%) for the two groups at T2. 
At T3, however, it nearly doubled in the experimental group while it slightly decreased in the control group. The 
exact test of cross tables indicated that no substantial effect of intervention emerged at T2, and a positive effect 
emerged at T3. The OR of this positive outcome (at T3) for our educational intervention was compared between 
those who showed improvement of SAPD at T2 and the rest (Table 6). In both of them the intervention yielded 
similar ORs (3.11 vs 3.57) and the Breslow-Day’s test indicated that the effect of intervention on the outcome at 
T3 did not depend on the status of periodontal symptoms at T2, which validated the Mantel-Haenszel’s estima-
tion of common OR (=3.44). 
 
Table 5. The outcome of intervention at T2 and T3 expressed by existence of improvement of the status of periodontal 
symptoms compared to the status before pregnancy.                                                             
Time Outcome 
Experimental group Control group Total Group difference 
(exact test) OR n (%) n (%) n (%) 
T2 
Positive 
Non-positive 
(Imp2 = 1) 
(Imp2 = 0) 
12 
42 
(22.2) 
(77.8) 
21 
69 
(23.3) 
(76.7) 
33 
111 
(22.9) 
(77.1) p = 1.000 0.94 
Total  54 (100.0) 90 (100.0) 144 (100.0) 
T3 
Positive 
Non-positive 
(Imp3 = 1) 
(Imp3 = 0) 
19 
25 
(43.2) 
(56.8) 
20 
67 
(23.0) 
(77.0) 
39 
94 
(29.3) 
(70.7) p = 0.025 2.53 
Total  44 (100.0) 87 (100.0) 133 (100.0) 
 
Table 6. The effect of intervention on the outcome at T3 (Imp3) assessed by OR and examination of its dependence on the 
status at T2 (Imp2).                                                                                            
Outcome at T2 Group 
Outcome at T3 
OR Group difference  (exact test) Positive 
(Imp3 = 1) 
Non-positive 
(Imp3 = 0) Subtotal Positive % 
Positive 
(Imp2 = 1) 
Experimental 
Control 
8 
9 
2 
7 
10 
16 
80.0 
56.3 3.11 p = 0.399 
Subtotal 17 9 26 65.4 
Non-positive 
(Imp2 = 0) 
Experimental 
Control 
11 
7 
22 
50 
33 
57 
33.3 
12.3 3.57 p = 0.027 
Subtotal 18 72 90 20.0 
Total 
Experimental 
Control 
19 
16 
24 
57 
43 
73 
44.2 
21.9 2.82 p = 0.020 
Subtotal 35 81 116 30.2 
Dependence of OR on Imp2 (Breslow-Day’s test) Effect of intervention (Mantel-Haenszel’s estimation) 
Chi-square Probability  Common OR of positive outcome 95% CI of common OR 
0.016 0.899 (n.s.) 3.44 1.36 - 8.70 
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3.4. LRA of Binary Outcome 
The variables that exhibited statistically significant group difference and parity were included in the LRA to 
predict binary outcome Imp2 and Imp3. The parity was unconditionally included and others were subject to se-
lection by the variable reduction method. First, the whole sample was analyzed where the group assignment was 
included as a predictor. Second, the data of the experimental group was analyzed. 
3.4.1. LRA of Outcome at T2 (=Imp2) 
Affirmative rating of sufficiency of oral health education and regular scaling before pregnancy contributed to 
positive outcome (Imp2 = 1, i.e., SAPD2 < SAPD0) with statistical significance (Table 7). The omnibus test 
proved statistical significance of the model coefficients (chi2 = 10.203, d.f. = 3, p = 0.017). The Hosmer & Le-
meshow’s test indicated a good fit of the logistic regression model obtained (chi2 =0.381, d.f. = 5, p = 0.996). 
The exp(B) in the table, which is interpreted as the odds ratio of positive outcome (Imp2 = 1) with other pre-
dictors unchanged, was 3.03 for sufficient oral health education and 2.68 for regular scaling before pregnancy. 
The odds ratio of positive outcome for multiparity was 1.76 although not statistically significant. 
The univariate odds ratio of positive outcome (Imp2 = 1) was 2.89 for sufficient oral health education, 2.78 
for regular scaling, and 1.60 for multiparity. 
3.4.2. LRA of Outcome at T3 (=Imp3) 
The statistically significant predictors were Imp2, mouthrinse at T1, being assigned to experimental group, and 
regular scaling before pregnancy (Table 8). The omnibus test of the coefficients indicated statistical significance 
(chi2 = 39.764, d.f. = 5, p = 1.7E−7), and the Hosmer & Lemeshow’s test indicated a sufficient fit of the model 
obtained (chi2 = 7.306, d.f. = 6, p = 0.293). The odds ratio of positive outcome (Imp3 = 1, i.e., SAPD3 < SAPD0) 
expressed by exp(B) in the table was 9.92 for Imp2, 6.08 for mouthrinse at T1, 3.83 for assignment to experi-
mental group, and 3.35 for regular scaling before pregnancy. The odds ratio of multiparity was 1.59 although not 
statistically significant. 
The univariate odds ratio was 7.56 for Imp2, 3.68 for mouthrinse at T1, 2.55 for assignment to experimental 
group, and 1.99 for regular scaling before pregnancy. The univariate odds ratio of parity was 1.68. 
 
Table 7. Logistic regression analysis of Imp2 (outcome at T2).                                                    
Predictor variable B S.E. Wald p exp(B) 
95% CI of exp(B) 
L. L. U. L. 
Sufficient oral health education 
Regular scaling before pregnancy 
Multipara 
(Constant) 
1.110 
0.987 
0.564 
−2.494 
0.551 
0.502 
0.456 
0.584 
4.05 
3.86 
1.53 
18.22 
0.044 
0.049 
0.215 
<0.001 
3.03 
2.68 
1.76 
0.08 
1.03 
1.00 
0.72 
 
8.94 
7.18 
4.29 
 
L.L. & U.L. = Lower & Upper Limits. 
 
Table 8. Logistic regression analysis of Imp3 (outcome at T3).                                                    
Predictor variable B S.E. Wald p exp(B) 
95% CI of exp(B) 
L. L. U. L. 
Imp2 (positive outcome at T2) 
Mouthrinse at T1 
Assigned to experimental group 
Regular scaling before pregnancy 
Multipara 
(Constant) 
2.294 
1.805 
1.344 
1.210 
0.465 
−4.309 
0.572 
0.590 
0.522 
0.590 
0.512 
1.001 
16.09 
9.35 
6.64 
4.20 
0.83 
18.54 
6.0E−5 
0.002 
0.010 
0.040 
0.363 
1.7E−5 
9.92 
6.08 
3.83 
3.35 
1.59 
0.01 
3.23 
1.91 
1.38 
1.05 
0.58 
 
30.43 
19.32 
10.66 
10.67 
4.35 
 
L.L. & U.L. = Lower & Upper Limits. 
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3.4.3. LRA of Outcome at T2 in Experimental Group 
An LRA of Imp2 was carried out using the dataset including the variables related to the intervention. The sample 
size was 50. As shown in Table 9, only the regular scaling before pregnancy was statistically significant predic-
tor. The omnibus test indicated the tendency toward statistical significance of the model (chi2 = 4.799, d.f. = 2, 
p = 0.091) and the Hosmer & Lemeshow’s test indicated a good fitting of the model (chi2 = 0.467, d.f. = 2, p = 
0.792). 
The univariate odds ratio for regular scaling before pregnancy was 5.29, which is almost equal to exp(B) ( = 
5.28). 
3.4.4. LRA of Outcome at T3 in Experimental Group 
An LRA of Imp3 was carried out using the dataset including the variables related to the intervention. Although 
the sample size was small (n = 39), the omnibus test indicated statistical significance of the model (chi2 = 
19.475, d.f. = 4, p = 0.001). The Hosmer & Lemeshow’s test indicated a good fit of the model (chi2 = 1.368, d.f. 
= 5, p = 0.928). As shown in Table 10, proficiency of toothpick method brushing (OR = 24.93), mouthrinse at 
T1 (OR = 13.56), and Imp2 (OR = 13.08) were statistically significant predictors, and the contribution of multi-
parity (OR = 5.75) approached statistical significance (p = 0.091). 
The univariate odds ratio was 5.45 for proficiency of toothpick method brushing, 3.38 for mouthrinse at T1, 
8.00 for Imp2, and 1.75 for multiparity. The difference from the multivariate results can be explained by the 
negative correlations within these variables. 
3.4.5. Brushing Proficiency and Dental Plaque 
The score of OHI-S was compared between those who rated affirmatively and those who rated negatively about 
their proficiency of toothpick method brushing. Mann-Whitney’s U indicated that those who highly rated their 
proficiency had lower plaque score in both the comparisons of OHI-S #1 (one sided p = 0.037) and OHI-S #2 
(one sided p = 0.024). 
3.4.6. Relation of Microbiota with the Outcome 
The total cultivable microbial count exhibited no statistically significant association with Imp2 and Imp3 in both 
groups. The proportion of Candida count at T1 was positively associated with Imp2 (p = 0.005) and Imp3 (p = 
0.009) only in the experimental group, while that of Staphylococci exhibited no such difference. 
 
Table 9. Logistic regression analysis of Imp2 (outcome at T2) in experimental group.                                   
Predictor variable B S.E. Wald p exp(B) 
95% CI of exp(B) 
L. L. U. L. 
Regular scaling before pregnancy 
Multipara 
(Constant) 
1.664 
0.076 
−1.702 
0.755 
0.691 
0.533 
4.86 
0.01 
10.18 
0.028 
0.912 
0.001 
5.28 
1.08 
0.18 
1.20 
0.28 
 
23.19 
4.18 
 
L.L. & U.L. = Lower & Upper Limits. 
 
Table 10. Logistic regression analysis of Imp3 (outcome at T3) in experimental group.                                  
Predictor variable B S.E. Wald p exp(B) 
95% CI of exp(B) 
L. L. U. L. 
Brushing proficiency at T2 
Mouthrinse used at T1 
Imp2 (positive outcome at T2) 
Multipara 
(Constant) 
3.216 
2.607 
2.571 
1.750 
−3.013 
1.322 
1.145 
1.156 
1.034 
1.073 
5.92 
5.18 
4.95 
2.86 
7.89 
0.015 
0.023 
0.026 
0.091 
0.005 
24.93 
13.56 
13.08 
5.75 
0.05 
1.87 
1.44 
1.36 
0.76 
 
332.46 
128.97 
126.00 
43.68 
 
L.L. & U.L. = Lower & Upper Limits. 
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The prevalence of Candida species was 38.2% (78/204) at T1, 41.1% (62/151) at T2, and 44.3% (62/140) at 
T3 without statistically significant group difference. Interestingly, the rate of positive outcome among Candi-
da-positive subjects exhibited a significant group difference at both T2 and T3. Their rate of positive outcome at 
T2 was 38.9% (7/18) in the experimental group which was significantly greater than12.8%（5/39）in the control 
group (exact test, p = 0.037). Their rate of positive outcome at T3 was 50.0% (8/16) in experimental group 
which was significantly greater than 19.4% (7/36) in the control group (exact test, p = 0.044). The Candi-
da-negative participants exhibited no such group difference at T2 and T3. In other words, the effect of “assign-
ment to the experimental group” on the outcome at T2 and T3 was statistically significant only for the subjects 
who were Candida-positive at T1. 
Imp3 was associated with neither the prevalence of Candida nor the proportion of Candida count at T3 in 
both groups, but positively associated with the decrease in the proportion of Candida count from T1 to T3 
(Spearman’s ρ = 0.203, p = 0.025). 
The prevalence of Staphylococcus aureus was as high as 90.6% (186/203) at T1, 86.2% (131/152) at T2, and 
93.5% (129/138) at T3 without statistically significant group difference. It was not possible to examine the asso-
ciation of its prevalence with the outcome because most of the subjects possessed S. aureus. 
4. Discussion 
4.1. Efficiency of Intervention 
Improvement of SAPD score was used as the binary outcome variable, and its LRAs indicated that the interven-
tion (OR = 3.83) and brushing proficiency (OR = 24.93) significantly contributed to predict the outcome at T3. 
As Vogt et al. [2] demonstrated using a set of sound criteria for diagnosis, the prevalence of PD increases 
with gestation age even in low-risk pregnant women. The efficiency of the toothpick method had not been ex-
amined for pregnant women. Our results showed, however, that the educational intervention and resulting profi-
ciency of toothpick method brushing could prevent exacerbation of PD or improve the status of periodontal 
symptoms even during pregnancy. 
Since the outcome is based on self-assessment of participants, psychological effects must be taken into con-
sideration in evaluating the outcome of the intervention. We conclude that the intervention has produced a sub-
stantial effect on the basis of the following facts. 
1) The SAPD score should be objective to a considerable extent because it has been proved to be efficient for 
screening PD [10]. 
2) The positive outcome at T3 was associated with decrease of the (log-transformed) proportion of the count 
of Candida species. Vieira Colombo [17] reported an association of a most common Candida species, C. albi-
cans with PD. 
3) The effect of intervention did not emerge at T2 but at T3. It must have been detected already at T2 if statis-
tically significant psychological effects existed. 
4) The probability of positive outcome at T3 increased with not only brushing proficiency but also use of 
mouthrinse at T1 and the regular scaling before pregnancy, hence the outcome is likely to reflect substantial ef-
fects. 
4.2. Oral Hygiene Education 
Affirmative rating of sufficiency of oral health education was a statistically significant predictor in LRA of posi-
tive outcome at T2. It has been reported that higher oral health literacy, or better knowledge of oral hygiene and 
behavior, is associated with better oral health condition of PD patients [18] and college students [19]. 
There seems to be a problem with oral health literacy in Japanese pregnant women. Although they can receive 
dental checkup free of charge once during pregnancy, the rate of visits in 2012 was as low as 23.4% (253, 
008/1080, 193) when calculated from the statistics in the annual report of the Ministry of Health, Labor and 
Welfare. Jiang et al. [20] reported that the frequency of dental visits in Minnesota was lower during pregnancy 
than before and after pregnancy with statistical significance. The reasons for decreased visits have been attri-
buted to misunderstanding about its safety and appropriateness [21] as well as lower priority and financial con-
cerns [21] [22]. 
It is necessary to promote the literacy of oral health of pregnant women and encourage them to receive dental 
checkup during pregnancy. 
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4.3. Use of Mouthrinse 
Use of mouthrinse at T1 was a statistically significant predictor of outcome at T3. Mouthrinse has been known 
to reduce dental plaque and improve gingivitis regardless whether its agent is chlorhexidine [23] or essential oil 
[24]. An RCT with pregnant women with PD proved that the use of antibacterial rinse containing cetylpyridi-
nium chloride improved PD in pregnancy [25]. 
As tooth brushing is usually uneasy around T1 because of morning sickness, use of mouthrinse then would 
have led to the positive outcome at T3 by reducing dental plaque and preventing exacerbation of gingivitis. 
4.4. Regular Scaling 
The regular scaling before pregnancy was a statistically significant predictor in the logistic regression of positive 
outcome at both T2 and T3. Scaling by dental professionals reduces dental plaque and improves gingival in-
flammation, and the effects are enhanced by combining it with an oral education [26] [27]. Participants who had 
received regular scaling might have had better knowledge and behaviors for own oral health. Sambunjak et al. 
[28] reported that flossing combined with tooth brushing was effective for improving gingivitis. The frequency 
of scaling before pregnancy in this study was correlated with the frequency of flossing at T0 (r = 0.268, p < 
0.001), T1 (r = 0.214, p < 0.002), and T2 (r = 0.251, p = 0.002). This seems to indicate that participants who had 
regularly received scaling before pregnancy were more knowledgeable about oral health and tended to practice 
health behaviors such as flossing than others, which may have led to a positive outcome. 
4.5. Association of Microbiota with the Outcome 
The positive outcome at T3 was associated with decrease of the log-transformed proportion of Candida counts. 
This finding is in accordance with the report of Vieira Colombo et al. [17] which indicated the association of 
Candida albicans with periodontal inflammation and tissue destruction. 
4.6. Scope and Limitation 
The results of LRAs indicate that the brushing proficiency was more decisive (OR = 24.93) than assignment to 
the intervention group (OR = 3.83) for the outcome. Further study is needed to identify the factors affecting ac-
quisition of brushing proficiency during pregnancy and improve the intervention program. 
5. Conclusions 
The effect of a health education program in early pregnancy including an oral health care education using a 
DVD displayer and training of the toothpick brushing method was evaluated by SAPD score and microbial data. 
The LRA proved that the intervention (OR = 3.83) and brushing proficiency (OR = 24.93) were statistically 
significant predictors of the outcome at T3. 
Thus an oral health education in early pregnancy followed by plaque checks in later pregnancy will improve 
pregnant women’s oral health and the effect increases with their proficiency of toothpick method brushing. 
The examination of microbial data suggests a significant association of existence or count of Candida species 
with the periodontal symptoms and the efficiency of toothpick method brushing to improve the status of peri-
odontal symptoms. 
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